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Abstract 
Bogor Agricultural University (IPB), Darmaga Campus has undergone a fairly rapid development, including the new buildings 
and infrastructures. Unfortunately, this caused a reduction of green open space and contributed to the increasing of carbon 
dioxide emission. Regarding on this matter, Low Emission Development Strategies (LEDS) need to be considered. The purpose 
of this study was to estimate the amount of above carbon stock in IPB by using remote sensing technology in order to support the 
low emission program. The above carbon stock was estimated by an allometric equation and field measurement of stand 
parameters, such as diameter, height, and number of trees, which collected from August to November 2014. The prediction of 
above ground carbon stock in 2025 was also conducted by using correlation between Normalized Difference Vegetation Index 
(NDVI), field measurement as well as consideration of the Darmaga Campus IPB Masterplan. The results showed that the 
amount of carbon stored reserves highly increased in 1999 – 2009, but it decreased in 2009 – 2025. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Since the last few years, Bogor Agricultural University (IPB) Darmaga Campus has been rapidly improved, in 
terms of development of some facilities including the new lectures buildings and other supporting infrastructures. 
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This development caused some problems that affecting the sustainability of the campus environment. Some of green 
space areas were converted in order to fulfil the need of lecturing spaces, and this caused a rising of carbon dioxide 
and increasing of the air temperature and dry [1]. The Low Emission Development Strategy (LEDS) [2] is an 
alternative strategy as well as an effort of mitigation that needs to be considered in the development of IPB Darmaga 
Campus. 
Based on the IPB’ Masterplan, the development of IPB Darmaga Campus has been planned up to 2025. 
Consequently, this will affect to the decreasing of green covers and tree density in the campus. Measurement of 
biomass could be used to describe the amount of carbon stocks of trees [3]. In order to support the low emission 
strategy, the measurement of carbon stock on trees were necessary in Darmaga campus of IPB as one of green space 
forms in Bogor Region that acts optimally to maintain the environmental quality around campus.  
The aim of the research is to estimate the amount of carbon stock stored in the year of 1989, 1999, 2009, and 
2014 along with the estimation of the amount of carbon that will be stored in the year of 2025 based on the Darmaga 
campus IPB Masterplan. 
2. Methods 
The research was conducted in Darmaga campus IPB, Bogor Regency, West Java, Indonesia (Fig. 1) from August 
until November 2014. The equipment used in this study were Global Positioning System (GPS) series e-Trex 30, 
measuring tape, hagameter, rafia string, phi-band, and compass to create a sampling plot, digital camera, camera 
equipped with a fish-eye lens, tally sheet, and installed software such as ArcGIS 10.3, ERDAS IMAGINE 2014, 
Microsoft office, Google Earth, TerraIncognita Ver. 2.25, Gap Light Analyzer Ver. 2.0, and Minitab 14 computer for 
the data analysis. 
 
 
Fig.1. Site of Bogor Agricultural University. 
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2.1. Limitation of study 
The limitation of the study is the amount of the above ground carbon stocks in the growth of poles and trees 
using the allometric equation method. This research was conducted using the Normalized Difference Vegetation 
Index (NDVI) and Leaf Area Index (LAI) approaches. The best model practice will be proposed as an alternative 
method in the effort of conducting the Low Emission Development Strategy. The NDVI value of 2025 was the 
estimated value with the same or fixed value in the year of 2014 based on the Masterplan IPB condition in 2025. 
2.2. Type of data 
This research was obtaining data from field observation, study literature, and download through each website 
such as the administration map of Campus IPB area 2000-2025, Landsat imagery 5 TM (acquisition 9 April 1989, 9 
August 1999, and 2 November 2009) and Imagery 8 LDCM OLI and TIRS (acquisition 17 February 2014), Google 
Earth imagery of 2013 (recording of 2013 with 18 times magnification), Hemispherical (fisheye) canopy 
photographs (canopy structure image), Ground Control Points (GCPs), Stand Density (SD), Basal Area (BA), and 
tree stock biomass were obtained during the field observation. Allometric equation and wood density (g.cm-3) were 
obtained through study literature. The method being used to collect the data of this research is vegetation analysis, 
biomass, and density of trees, canopy structure images and ground control points. 
. Weights and measures should be expressed in SI units. All non-standard abbreviations or symbols must be 
defined when first mentioned, or a glossary provided. 
x Vegetation analysis plot 
The construction of vegetation analysis plots using 9 big sampling plots that will be grouped into 1 grid with the 
suitable standards [4]. The purposive random sampling was used in obtaining the sampling plot in the location 
as many as 77 grids. This method was conducted for the basal area and the density of tree stocks.  
x Biomass and stand density 
Biomass and stand density data were obtained using the vegetation analysis plots. The data collected from the 
plots were the data of trees and poles including the types, 10 cm – 19,9 cm and  20 cm that was measured from 
the diameter of breast height (DBH = 1.3 m above the surface), tree peripheral, and the total height of the trees. 
All of the data were assembled to the tally sheet. 
x Canopy structure images 
The canopy images were obtained using the DSLR camera equipped with fisheye lens. The time taken to 
acquire the image is in the morning and in the evening, or when the field condition is cloudy. The method of 
obtaining the image is by setting the camera using tripod with the height of >1.5 m placed upward to avoid the 
bushes that will cover the sight and the camera monitor facing to the north. It is essential to place the camera 
steady and even before the picture is taken. 
x Ground Control Points (GCPs)  
GCPs were obtained using the tagging of the GPS and the picture taken in the same direction of the 4th wind 
directions in each points of the measured plots that has been planned. The picture taken is used to identify the 
location. 
2.3. Data analysis 
x Biomass 
The estimation of the biomass were calculated using the allometric equation, shown in the Table 1. 
x Leaf Area Index (LAI) 
The calculations of LAI were analyzed using the Gap Light Analyze ver. 2 with the range of threshold method 
that is based on the brightness of the picture and determined manually by the user. The value of LAI is the half of 
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x Normalized Difference Vegetation Index (NDVI) 
NDVI was obtained by a simple mathematical function of two different reflectance; near infra-red (NIR) and red 
[7]. Landsat-TM Satellite records the NIR emission on the fourth canal, meanwhile Landsat 8, LDCM OLI/TIRS 
on the fifth canal. The calculation formula is determined below: 
 
 
            (1) 
 
Description: 
NIR = Near Infrared (Near Infrared, Landsat-TM and Landsat-ETM 0.775-0.900 ʅm  ; LDCM OLI/TIRS 
0.845-0.885 ʅm ) 
Red = Infrared (0.630-0.690 ʅm ) 
Table 1. Lists of allometric equation used to estimate the value of stored biomass [3, 5] 
Type of trees Biomass tree estimation (kg/trees) 
Branched tree BK = 0.11ȡD2.62 
Bamboo BK = 0.131 D2.28 
Sengon BK = 0.0272 D2.831 
Palm oil (AGB)est = 0.0976 H + 0,0706 
Palm (AGB)est = 4.5 + 7.7 H 
Description: BK = Dry Weight (kg/ tree); (AGB)est = Tree's upper part Biomass (kg/trees); D = Tree diameter (cm); H = Tree Height (cm); ȡ = 
Wood Density (g cm-3). 
 
x Stand density 
Stand density was obtained from the calculation of vegetation analysis using the formula below: 
 
ܵݐܽ݊݀݀݁݊ݏ݅ݐݕሺܭሻ ൌ ሺሻ ሺሻΤ    (2) 
x Normality assessment 
The normality assessment is used to determine the residual data obtained were distributed normally, that will 
make the data compatible in the parametric statistic. The data were assessed using the Kolomogorov-Smirnov 
method that was processed using Minitab 14 software. 
x Outliers 
Outliers were sets of data that did not follow the general data distribution, it will cause the inconsistent average 
and standard deviation towards the majority of the data, the estimated coefficient of regression line that is 
obtained are not precise and the faults of decision making [8]. The outliers will be neglected using the Minitab 14 
software. 
x Linear regression equation model 
Regression model that is applied in this research is a simple regression model: 
 
           (3) 
 
Description:  = dependent variable, x= independent variable, a and b = constant. 
NDVI is an independent variable; meanwhile the stand density, Basal Area, biomass and LAI are dependent 
variables. Model being used to estimate the value is the estimator model that is derived from the estimator 
variable with the highest value of R2 [9-12]. 
x Classical assumption assessment 
The regression model is considered ideal when it has fulfilled the classical assumption assessment or free from 
the normality problem occurrences, autocorrelation, and heteroskedasticity. The classical assumption assessment 
309 Lyan Lavista et al. /  Procedia Environmental Sciences  33 ( 2016 )  305 – 316 
is analyzed using the Minitab 14 software. The normality assessment is aimed to assess whether the residue of the 
regression equation is distributed normally [13]. The heteroskedasticity assessment is used to determine the 
existence of unequal variant and residual from one observation to another. The autocorrelation assessment is used 
to assess whether the correlation existed in a linear regression model between the user errors in one observation 
to another. 
x Validity assessment model 
The estimation of validation model is applied to determine the precision of the model selected. The validity 
model is applied on the model with the biggest value of determining (R2) coefficient. The precision of the model 
selected will be presented in a value, the model will be considered precise when the smaller value of a percentage 
appears [12]. Below is the formula of precision value: 
 
 
            (4) 
 
Description: 
A = model precision  
 = Average value of estimated model 
 = Average of real value 
x Stored carbon 
The carbon calculation from the biomass is calculated using the converted value of carbon used by the standard 
[4]. 
3. Results 
Darmaga Campus of IPB with the area of 256.97 ha filled with various vegetation covers, homogenous or 
heterogeneous vegetation that are used as a trial farm and green area spaces. Administratively, it is placed in 
Babakan Village, Darmaga district, Bogor regency, West Java Province. Based on the Masterplan of IPB, 
geographically it is placed between 6°30” – 6°45” SL and 106°30” – 106°45” EL. The administratively was placed 
between:  
x North side : Cihideung River and Ciapus River 
x East side : Babakan Village 
x South Side : Jalan Raya Bogor- Leuwiliang  
x West Side : Cihideung River. 
IPB were placed in 142-200 m above sea level with its topography condition that varies from the East plains and 
South, with the slant land of 0-5%. Based on the Meteorological, Climatology, and Geophysics Agency [1], 
Darmaga regency has the average rain intensity of 374.3 mm, the humidity level of 85%, and average temperature of 
25°C on March 2015. Soil type of Darmaga Campus IPB was considered as latosol, asides of that there were also an 
association of brown podzolic and yellowish-red podzolic with volkan main materials. 
IPB is a campus with a high biodiversity value, floras and faunas [14-19]. The land covers in Darmaga Campus 
IPB initially dominated by rubber tree (Hevea brasiliensis) [20]. Furthermore, Kurnia [21] also stated that Darmaga 
Campus IPB was an academic institutions area that was once converted from rubber tree farm. Although, the 
development and the expansion of campus facilities constructed, the land covers changed by the microhabitat factors 
that begin to vary [21]. The main factors of vegetation in Darmaga Campus are the various trees in species and the 
vegetation [21]. As an academic areal, Darmaga Campus IPB consisted of academic facilities, approximately 72 ha 
or 25.99% from the total of Darmaga Campus IPB were buildings, housing, farming, sport facilities and road. 
3.1. Leaf Area Index (LAI) 
Leaf Area Index (LAI) is a variable that shows the correlation between the area of leaves and the covered area 
[22]. The use of LAI in the forest areal is to estimate the exchange of heat in a specified forest type and to determine 
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the relation between the physical environment and the forest canopy architecture [23]. The result showed that IPB 
has an open areal vegetation, covered canopy trees stock, and built buildings (Fig. 2). The small value of LAI or 
equal to 0 considered as a non-vegetation land. Based on the result, the value of LAI in Darmaga Campus IPB 
ranges from 0.06-3.72 that categorized the type of vegetation as a farm. 
 
   
(a) (b) (c) 
Fig. 2. Open covers (LAI value = 0.04) (a); Close covers (LAI value = 3.49) (b); building (LAI value = 0). 
3.2. The estimation of carbon stock potential in 2014 of Darmaga Campus of IPB 
Biomass is amount of organic material per unit area that is presented in an ecosystem in the specified part-time 
[24]. Meanwhile, biomass was a total of organic plant materials that lived above the land that is expressed as the dry 
weight of plants per unit areal [25]. The calculated biomass in this research is the biomass of trees, poles, and other 
plants. After the biomass of tree, poles and other plants were obtained, its value will be multiplied by the percentage 
of the carbon content 0.47 [4]. 
Table 2. Carbon stock potential above ground in IPB 2014. 
Vegetation Average Biomass (Mg/ha) Carbon (Mg/ha) 
Tree diameter 10 cm – 19.99 cm 9.88 4.64 
Tree diameter  20 cm 48.34 22.72 
Sum 58.22 27.36 
Description: Mg/ha= Mega gram/hectare 
 
The tree component has the highest percentage since it has the stem that is functioned to store the photosynthesis 
products for the growth [26]. This result was supported by the White and Plashett statements in Aminudin [24] that 
stated the biomass from the tree parts were distributed as big as 60 – 65% on the stem, 5% on the canopy, 10 – 15% 
on leaves and branches, 5 – 10% on stump, and 5% on its root. The data shown in Table 2, expressed the tree 
biomass with the diameter of 10 – 19.99 cm has the potential of carbon stock as much as 4.64 Mg/ha, meanwhile the 
tree with the diameter  20 cm has the potential of carbon stock as much as 22.72 Mg/ha. This result shown that the 
carbon-stock potential occurred in IPB were resulted from the tree with the diameter of  20 cm and the bigger the 
diameter of the tree, the higher value of the carbon stock stored. 
This result is suitable with the statement that trees stored the most of biomass amongst others [27]. Moreover, the 
carbon stock of the trees increased concomitant with the larging of the tree diameters [28]. Tree biomass increase 
because the trees absorb CO2 from the air and converted into organic compounds from photosynthesis and the 
product is used to obtain growth in diameter or height of the tree [26]. The increasing of diameter correlates with the 
addition of tree biomass and the amount of carbon stored on trees. The tree components have the biggest percentage 
because there is the stem of the tree that is used to store the product of photosynthesis for the growth [26]. The 
amount of biomass in Darmaga Campus IPB based on the result obtained is 58.22 Mg/ha, that resulted in the amount 
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of carbon stock as much as 27.36 Mg/ha. Since the Darmaga Campus IPB has the total area of 256.97 ha, thus the 
amount of carbon stock remains 7,031.57 Mg/ha. This fact shows the potential of carbon stock above ground that is 
adequately high. Based on Houghton [29] that the average of the biomass in the natural forest is 70 Mg/ha. 
3.3. Normalized Difference Vegetation Index (NDVI) 
Normalized Difference Vegetation Index (NDVI), is a difference ratio between the near infrared and the infrared 
that is also appeared as one of the vegetation index [30]. NDVI has been used widely to analyse various vegetation 
dynamics [31] and in several environmental assessment mainly in the urban area [32-35]. The NDVI Index of IPB 
(Fig. 3) ranges between 0.19 – 0.38. The most area with the highest value is located in the farm area and the field 
trials of IPB, meanwhile the lowest value of NDVI is located in Graha Widya Wisuda (building). The NDVI index 
in 1989, 1999, and 2009 are 0.08 – 0.56; - 0.10 – 0.64; and 0 – 0.61 respectively. 
 
 
Fig. 3. The NDVI distribution in Darmaga Campus IPB. 
3.4. The correlation estimation between NDVI with the tree biomass, basal area, LAI, and stand density 
The regression analysis is applied to prove the close relation whether the NDVI could be used to estimate the 
biomass, Basal Area, LAI and stand density in a forest area. The regression model being used in this research is the 
simple regression model [36]. A simple regression model is selected for its stability, this is because the model is 
using the linear equation without modifying the curves [37]. The close relation is determined form the value (r) that 
can be seen from the determining coefficient (R2). The estimation of the relation between the NDVI variable and the 
biomass as seen on Table 3 could only be explained as much as 12.8% and 77.4% it is assumed that it is affected 
with other factors. The relation between the LAI and NDVI is expressed as much as 10.2% meanwhile the other 
affected factors are expressed in 89.8%. The estimation between the relation of NDVI and other independent 
variables as well as the classical assumption assessment are shown on Table 3. 
The classical assumption for the five variables has shown the normality of the error residual, homogenous, and 
dependent from the autocorrelation. Meanwhile, for the equation between the biomass and basal area has not been 
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determined whether the data is homogeneous or heterogeneous. This result shows that the value obtained from the 
estimated model could be applied although appeared to be inefficient, thus it is concluded that the estimation model 
of the biomass and Basal Area correlation is accepted. 
Table 3. The relation estimated between NDVI with biomass, basal area, LAI, and stand density. 
No. Regression equation R2 (%) Pval Residual Normality Autocorrelation Heteroskesdacity 
1 B= -95.8+525N 12.8 0.048 KS = 0.132 Pval= >0.15 
d = 1.64222 
dU = 1.4957 
dL = 1.3630 
Ftest = 1.15 
Pval = 0.710 
Levene’s test = 0.09 
Pval = 0.769 
2 L= -1.10+6.92N 10.2 0.010 KS = 0.099 Pval = 0.118 
d = 1.84200 
dU = 1.6268 
dL= 1.5635 
Ftest = 1.11 
Pval = 0.672 
Levene’s test = 0.17 
Pval = 0.684 
3 K= -6164+30513N 30 0.000 KS = 0.125 Pval = 0.089 
d = 1.82218 
dU = 1.5577 
dL = 1.4628 
Ftest = 1.43 
Pval = 0.252 
Levene’s test = 1.43 
Pval = 0.236 
4 Ba = -17.6+89.7N 29.3 0.000 KS = 0.093 Pval = >0.15 
d = 1.85850 
dU = 1.5776 
dL = 1.4928 
 
Ftest = 1.41  
Pval = 0.238 
Levene’s test = 0.73 
Pval = 0.394 
5 B = -13.1+4.2Ba 45.9 0.000 KS = 0.097 Pval = >0.15 
d = 1.72518 
dU = 1.5534 
dL = 1.4562 
Ftest = 1.85  
Pval = 0.053 
Levene’s test = 7.96 
Pval = 0.006 
Description: R2= Determining coefficient; B= Biomass; Ba= Basal Area (BA); L= Leaf Area Index (LAI); K= Density; N= Normalized 
Difference Vegetation Index (NDVI); KS= Kolmogorov-Smirnov 
3.5. Model validity 
Model validity is used to acquire the precision of the regression model obtained. The precision value of the 
regression model indicates the amount of error in the model estimation. The best precision model based on Table 4 
is shown from the estimation of model correlation between the NDVI and the basal area. This result is obtained from 
the precision percentage that is obtained were the lowest percentage that resulted in 3.89%. The smaller the 
precision percentage appeared, the model would remain higher in precision [12]. 
Table 4. Percentage of model precision. 
Dependent Variable (Y) Independent Variable (X) Model Precision (%) 
Biomass NDVI B = -95.8 + 525 N 10.34 
LAI NDVI L = -1.10 + 6.92 N 23.74 
Density NDVI K = -7751 + 37426 N 40.54 
Basal area (LBDT) NDVI Ba = -17.6 + 89.7 N 3.89 
Biomass Basal area (LBDT) B = -13.1 + 4.2 Ba 21.59 
Description: B= Biomass Ba= Basal Area (BA) L= Leaf Area Index (LAI) K= Density N= Normalized Difference Vegetation Index (NDVI) 
3.6. The estimation of carbon stock potential in Darmaga Campus IPB in the year of 1989, 1999, 2009, and 2025 
The potential estimation of the carbon stock in 1989, 1999, 2009, and 2025 were conducted through two steps. 
The calculation of the LBDT value through NDVI was the first step. Next step was conducted in the second step 
which is the calculation of the biomass value using the LBDT and the value conversion of carbon stock through 
biomass. The sum estimation of biomass and the carbon stock in 1989, 1999, 2009, and 2025 is shown on Table 5. 
The amount of carbon stock stored in 2025 was estimated the smallest value compared to the year of 1989, 1999, 
2009, and 2014. This result obtained from the escalation of facilities or development in Campus IPB that is 
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significantly changing compared to the years before. The value presented on the Table 5 is affected by the 
fluctuating values from the NDVI that is also affected by the infrared reflectance and the near infrared. The highest 
decrease of the carbon stock stored happened in 2009 to 2014 as shown as Fig. 4. 
Table 5. Total biomass and carbon stock estimation. 
 1989 1999 2009 2014 2025 
Biomass (Mg) 44 887.19 33 305.53 35 683.74 14 960.79 11 767.21 
Carbon (Mg) 21 096.98 15 653.6 16 771.36 7 031.57 5 530.59 
 
 
Fig. 4. Average amount of biomass and carbon stock in Darmaga Campus IPB. 
Based on the Masterplan Darmaga Campus IPB between the years of 2000-2025, the development of facilities 
and infrastructures will be conducted to fulfill the needs to enhance and develop the existence of campus, namely 
the facility developments such as the Management Faculty, Common Lab, Hospital, Basketball and Softball Field, 
Swimming Pool, Training Centre, and Teaching Lab. These developments will surely affect the carbon stored in 
Darmaga Campus IPB as shown on the Table 5, as much as 5.64 Mg. The changes of the biomass and carbon stock 
of Darmaga Campus IPB varies, not only the decreasing of the carbon stock, as well as the various activity from the 
replanting or the greening caused the increasing of carbon stock. The highest increase happened in the year of 1999 
to 2009, meanwhile the decreasing will continue up to year of 2025 (Fig. 5). This fact is essential to suggest the 
mitigation effort, likewise the expansion of green spaces development, to balance the development in Darmaga 
Campus IPB. The mitigation effort such as the expanding of green spaces area based on Fig. 5 could be conducted in 
the area shown on the brownish-yellow colored area, which represents the grassland. The referred area was a trial 
area in the Campus. Furthermore, the existed green spaces should be optimized as shown in the lighter blue colored 
area. Activities such as planting a large diameter plants that add an aesthetic value could be one of the solutions to 
optimize the green spaces area to reduce the emission in the reddish-yellow colored area, which represents the 










1989 1999 2009 2014 2025
Biomass (Mg/ha)
Carbon (Mg/ha)
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Fig. 5. Biomass distribution. 
4. Conclusion 
The amount of carbon stock store in the year of 1989 was 21,096.98 Mg/ha, and decreased in the year of 1999 to 
15,654.6 Mg/ha. On 2009 the decreasing happened and estimated to the year of 2025 the amount of carbon stored in 
Darmaga campus IPB reaching 5,530.59 Mg/ha that will determine the Darmaga Campus IPB as an emitter. 
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